Vascular smooth muscle cell (VSMC) hypertrophy is the main cause of largevessel noncompliance in elderly and hypertensive individuals. VSMC hypertrophy, as strictly defined, is an increase in cell size without associated increases in cell number. This process is associated with an increase in extracellular matrix deposition and an irreversible modulation of VSMC phenotype. VSMC hypertrophy has detrimental effects on vascular remodeling, with consequences on the circulation and metabolic demands of the left ventricle. Ultimately, VSMC hypertrophy can lead to systolic hypertension, altered coronary perfusion, and hypertrophy of the left ventricle. It also contributes to mortality associated with end-stage renal failure. These circumstances stress the need to develop a detailed understanding of the molecular mechanisms that underlie the onset of VSMC hypertrophy.
In the article by Braun-Dullaeus et al. in this issue of the JCI (1), new insights about VSMC hypertrophy are derived from analyses of the cyclin-dependent kinase (Cdk) inhibitor p27 Kip1 in angiotensin II-stimulated cells in vitro. The Cdk's function to control cellular proliferation through their association with activating subunits, referred to as cyclins, whose levels are temporally regulated during the cell cycle. Cdk activities are also regulated through association with inactivating subunits, referred to as Cdk inhibitors. In cellular differentiation, the postmitotic state is achieved, in large part, by the upregulation of Cdk inhibitors that arrest cellcycle activity. In addition to these developmental cues, Cdk inhibitor expression is also controlled by environmental conditions that modulate cell growth, including exposure to γ-irradiation, cell-cell contact, and cytokine stimulation. The Cdk inhibitor p27 Kip1 and its homologues p21 Cip1 and p57 Kip1 have a broad specificity for Cdk's, and they inhibit activity by forming higher-order complexes with the cyclin/Cdk holoenzyme. In VSMCs, the Cdk inhibitors p27 Kip1 and p21 Cip1 have previously been implicated in terminating VSMC proliferation in intimal lesions (2, 3) .
Braun-Dullaeus et al. provide compelling evidence that suggests that p27 Kip1 functions as a molecular switch in determining whether VSMCs undergo hypertrophy or hyperplasia in response to external stimuli. Their experiments show that various cyclins and Cdk's are upregulated in response to both angiotensin II, which induces hypertrophy, and serum, which induces hyperplasia. However, levels of p27 Kip1 decline in serum-treated cells but not in angiotensin II-treated cells. Moreover, it is shown that angiotensin II does not increase Cdc2 or Cdk2 activity, consistent with a cell-cycle block. To provide causal evidence that p27 Kip1 controls VSMC hypertrophy, the investigators first show that VSMC hypertrophy could be induced in serum-stimulated cells when p27 Kip1 is overexpressed. In critical experiments, antisense oligonucleotides were used to ablate p27 Kip1 expression. Acute p27 Kip1 ablation blocked hypertrophy and promoted hyperplasia in VSMCs upon incubation with angiotensin II. Simply said, this study suggests that VSMC hypertrophy is a consequence of growth stimulation when cell-cycle progression is blocked.
The observations of Braun-Dullaeus et al. in cultured VSMCs are consistent with the phenotype of the p27 Kip1 knockout mouse. These mice contain enlarged organs that are comprised of an increased number of cells that, surprisingly, are smaller than corresponding cells from the wild-type mouse (4, 5) . Since, it has been shown that chronic stimulation of the renin-angiotensin system in rats will result in hypertension and VSMC hypertrophy (6), a prediction of the model put forth by Braun-Dullaeus et al. is that aging or renovascular hypertension would promote hyperplasia, rather than hypertrophy, in the capacitance vessels of p27 Kip1 knockout mice. Such a study could provide important corroborative evidence for this hypothesis.
Although the observations of BraunDullaeus et al. significantly extend our understanding of VSMC hypertrophy, one must also acknowledge that their findings do not completely account for the VSMC phenotype observed in elderly and hypertensive patients and animals. For example, it has long been known that hypertrophic VSMCs are frequently polyploid, containing more than a diploid number of chromosomes (7). Although it has not been formally documented, hypertrophy-associated VSMC polyploidization probably arises from endoreplication, the reentry of cells with tetraploid DNA content into S phase. Therefore, Cdk inhibitors might be expected to inhibit polyploidization in VSMCs on the basis of their ability to block cell-cycle progression at G1 phase in tetraploid cells (8) . Consistent with this hypothesis, it has been shown that loss of the Cdk inhibitor p21 Cip1 leads to a disruption of cell-cycle checkpoint control and causes cells to accumulate polyploid nuclei (8, 9) . Polyploidization in megakaryocytic cells is also associated with the downregulation of p21 Cip1 and p27 Kip1 (10) . Furthermore, there may be a causal relationship between polyploidization and hypertrophy. Polyploid VSMCs have up to 5 times the mass and express twice as much extracellular matrix as their diploid counterparts (7, 11 ). This appears to be a general trait, as polyploidization in yeast is also associated with cell enlargement, which is attributed to lengthening of the G1 phase through suppression of G1 cyclins (12 
